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ROTICE

This report was prepared as an account of Govermment-sponsored work.
Neither the United States, nor the National Aeronautics and Space
Administration (NASA), nor any person acting on behalf of NASA:

a. Makes warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the
information comtained in this report, or that the use of amy
information, apparatus, method, or process disclosed in this
report may not infringe privately-owned rights; or

b, Assumes any liabilities with respect to the use of, or for
damages resulting from the use of any information, apparatus,
method, or process disclosed in this report.

As used above, "person acting on behalf of NASA" includes any employee
or contractor of NASA, or employee of such contractor, to the extent that
such employees or contractor of NASA, or employee of such contractor
prepares, disseminates, or provides access to, any information pursuant
to his employment with such contractor.
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Washington 25, D. C.
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ABSTRACT

A beam-analyzer chamber experiment is described in which beam diameter
measurements were made on the rf bunched beam of the X-3064 number 35S klys-
tron. This klystron, when placed in the chamber, was complete except for the
output resonator and collector. A pin-hole target was used to measure the
beam size by scanning across the beam in the region normally occupied by the
output cavity. The results show conclusively that most of the beam inter-

ception occurs in the output resonator tunnel.

A description of the suppressor lens and collector entrance modificaetion
is also given. The design changes were based both on the beam analyzer tra-
jectory measurements and the computer solutions to the field distribution in
the suppressor lens. The analysis showed that a larger suppressor lens dia-

meter and collector entrance are necessary.

A brief discussion of the fabrication of tube number 3SR is also included,

with particular emphasis on the output resonator cold test data.
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Fig. 3
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Beam envelope profiles from the X-3064 number 3S klystron.

The upper trajectaries clearly show beam interceptlion beyond
the upstream gap. The klystron was tested in the beam analyzer
chamber with the output cavity and collector removed.cssesceccces

Beam envelope profile with lens voltage adjusted for maximum
beam transmission superimposed against the new output cavity
tunnel design. This tunnel geometry will be used 1In tube 3SR...

Equipotential plot of the suppressor lens region for X-306.4
No. 3S klystron. The collector is depressed 36.7 perceNteececces

Equipotential plot of the suppressor lens region for X-3064
No. 3SR klystron. The collector is depressed 36.7 perceNtececee
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TNTRODUCTION

A 20 to 100 watt, S-band, electrostatically focused klystron having a
radiation-cooled depressed collector for use in lnter-planetary spaceborne
communication systems is presently under development. Although two klystrons
have been built in the past which satisfied the power output and bandwidth
(30 MHz at the -3 db points) requirements, the highest efficiency achieved
was 38 percent at the 100 watt level - lower than the 45 percent required
by the specifications. The 30 MHz bandwidth was achieved through the use

of eight extended-interaction resonators which were stagger-tuned. In order

to achieve the required 45 percent efficiency level, the existing program

was redirected with new milestones,

The first quarterly report described the initial major milestone of this
14 month efficiency improvement program: the development of a 5-resonator,
narrow band klystron, fabricated primarily to investligate the various effi-
ciency improvement schemes. Presented in graphical form were the operating

characteristics of this klystron.

This second quarterly report details the second major milestone, the
testing of the above klystron in the beam analyzer chamber and the subsequent

redesign of this klystron.
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I. BEAM-ANALYZER EXPERIMENT
DESCRIPTION

The experimental klystron, X-306k4 number 3S, was tested in the beam-
analyzer chamber with the output cavity and collector removed in order to
investigate the beam as 1t emerged from the buncher region, i.e., in the
region normally occupied by the output resonator. Without the output cav-
ity, the klystron consisted of the gun, four buncher resonators and four
lenses. All assemblies going into the chamber, including the klystron 1t-
self, were thoroughly scrubbed and degreased in order to minimize outgass-
ing., 1In addition, all of the brass tuner knobs were replaced with copper

knobs,.

The chamber contained appropriate high voltage, feed-throughs for
applying cathode and lens voltages. A separate rf coaxial window and e
rigid, coaxial bead-supported line were used to apply rf drive power to
the klystron, The beam voltage was pulsed at 300 pps and a pulse length
of 20 microseconds (duty = 0,006). 1In order to duplicate the original
conditions under which the klystron was tested, lenses numbers 1 and 2
were connected together and operated from a single dc supply. ILenses

3 and 4 were each connected to a separate dc supply.

The Faraday cage assembly contalning the pin-hole target was movable
in all three dimensions by means of hand cranks. In addition, an auto-
matic scanning and recording system allowed the measurement of the beam

cross-section slong any given plane transverse to the axis of the tube.



Generally speaking, the beam analyzer showed that most of the beam
interception occurs downstream from the buncher section in the output
resonator tunnel. The more significant test results are given below for

a cathode voltage of 3 kV.

.

BEAM SIZE AT OUTPUT
CAVITY UPSTREAM GAP
OPTIMIZED LENS 4 RF DRIVE FILLING
CASE CONDITICON VOLTAGE LEVEL DIAMETER FACTOR*
1 Maxdimum ~3.3 kV 0 0.170 inch 0.7T4
Power
Output
2 Maxdimum ~3.3 kV Saturation 0.210 inch 0.91
Power
Output
3 Maximum ~3.9 kV 0 0.136 inch 0.59
Beam
Transmission
L Maxdmum ~-3.9 kV Saturation 0.160 inch 0.70
Beam
Transmission
% Based on a tunnel diameter of 0.230 inch

In cases 1 and 2 above, the lens number 4 voltage was adjusted to
-3.3 kV, a level at which the klystron produced maximum power output at
the expense of reduced beam transmission. When driven to saturation, the
beam diameter at the plane of the upstream gap was found to increase by 24
percent as compared to the ummodulsted case, resulting in a filling factor

of 0.91.



In cases 3 and 4 given in the table, the lens voltage was adjusted
to -3.9 kV, a level which produced optimum beam transmission at the ex-
pense of output power. The beam diameter was measured to be 0.16 inch,

resulting in a filling facitor of 0.70.

Figure 1 below shows two sets of beam envelopes superimposed against
the output cavity tunnel geometry used in tube number 35 (the last com~
plete klystron built and tested). The Case 2(B) trajectory just grazes
the supported drift tube tunnel. However, since the output resonator was
not included in the beam-analyzer experiment, the rf radial velocity mod-
uwlation produced by the upstream gap must be added to this beam trajectory
to get a more realistic beam profile., The corrected beam is labeled (A)
for this case in Figure 1. Now, the interception of the beam by the sup-
ported drift tube is definitely seen. Shown also on the same figure 1s
the measured beam profile with lens number 4 adjusted for optimum beam
tronsmission (Case 4). In the trajectory labeled (A), the rf radial
veloclty modulation from the upstream gap is taken into account. No

interception occurs for this case.

Tt is now evident why there was only a minor improvement in beam
transmission in this tube over that of tube 2a, even though the tunnel
diameter was enlarged to create more clearance between the beam and tun-
nel, As shown in Figure 1, the more the tunnel diameter was 1ncreased,
the more the beam was required to spread in order to malntain adequate
coupling with the resonator circuit. If the beam is allowed to spread
too much, however, it not only collides with the cavity nozzle, but also

becomes larger than the collector entrance., Consequently, no improvement
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in beam transmission results and about the same output power is realized
as before, In view of this finding, & smaller tunnel diameter 1s prefer-

red,

The beam analyzer measurcments have shown that optimum beam trans-
mission occurs at a lens 4 voltage of -3.9 kv. (Increasing the voltage
beyond this level reduces both the beam diameter and beam transmission.
The latter occurs because some of the electrons are turned back within
the buncher section due to the increasing potential depression generated
by the lens)., In order to obtain satisfactory beam coupling for this case,
Case 4, it is necessary to meke the cavity tunnel diameter smaller and to
contour 1t so it will more closely follow the beam envelope., Flgure 2
shows the beam trajectory superimposed agalnst the outline of the new

cavity tunnel. The old and new tunnel diameters are given below:

NOZZLE (oLD) (NEW)
TUBE 3S TUBE 3SR
Upstream Nozzle Diameter 0.230 inch 0.180 inch
Supported Nozzle Dismeter 0.230 inch 0.180 inch
(Flared)
Downstream Nozzle Diameter 0.260 inch 0.230 inch

With the new nozzle geometry, both high beam transmission and efficiency
should result -~ the latter as a result of the increased Rsh/Q brought

about by the smaller nozzles,
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B.

IT, SUPPRESSOR LENS AND COLIECTOR

DESCRIPTION

The function of the suppressor lens, located between the output
cavity and collector entrance, is to generate a static electric field
containing an area of potential depression immediately in front of the
collector entrance, The reason for doing this is to create an electron
barrier -- i.e., to prevent the secondary, elastic and thermionic elec-
trons, emanating from the collector, from reaching the output cavity.

In addition, it also serves to drain away any ions generated in the ares.

TEST RESULTS

The suppressor lens was designed to be operated at cathode potential.
However, the test results from tube 35S showed that with the collector at
-1.1 kV corresponding to a collector depression of 36.7 percent (cathode
voltage = -3.0 kV), the optimum suppressor lens voltage was -1.5 kV.
Increasing the lens voltage beyond this level resulted in an increase in
body interception current and unstable operation due to the slower edge
electrons being returned to the output cavity interaction region. There-
fore, the suppressar lens could not be operated at cathode potential. The
beam analyzer measurements made later on tube 3S showed that when the tube
was adjusted to yield maximum efficliency, beam interception occured in the
tunnel of the output cavity. In addition, the beam diameter at the col-
lector entrance plane was found to be larger than the entrance diameter,
resulting in interception at the collector entrance and consequently,
generation of secondary electrons., The fact that the beam envelope was

much larger than originally anticipated, meant that the edge of the beam

_7_



was nearer the lens -- thus the edge electrons experienced a greater
potential depression than expected. To compensate for this during oper-
ation, it was necessary to operate the lens at a reduced voltage. Going
beyond this threshold voltage of -1.5 kV caused the beam edge electrons
to be returned; whereas, going below this voltage totally eliminated the

suppressor action of the lens,

Based on these recent findings, it became apparent that a modifi-

cation of the suppressor lens and collector was necessary.

COMPUTER SOLUTION

A computer program which solves Laplace's equation was used to de-
termine the electric field distribution contained within the boundary
made up of the output cavity downstream nozzle, suppressor lens and a
portion of the collector entrance cone. Figure 3 shows the solution for
the first case investigation. The potential depression along the axis
is given with respect to the collector. In this case, the boundary con-
ditlons were adjusted to simulate the original test conditions for tube
number 3S, in which the suppressor lens was set at -1.5 kV. By inspect-

1
4+

ng t

he equipotentials, it is clear that under these conditions, no po-
tential depression exists along the axis to suppress secondary electron
emission. In all probability, an electron emanating from the collector
will be accelerated toward the output cavity and cause the generation of

spurious signals.

The figure also includes the beam envelope for reference purposes
only since the calculation of the equipotentials was performed without

taking the electron beam into account.

-8 -
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In the second run, Figure L, the lens diameter was increased and
set to cathode potential. The collector entrance diameter was also in-
creased to allow capture of the total beam. The -1.2 kV equipotentiasl
line, with the collector potential at -1.1 kV, is also the -100 volt
potential depression line with respect to the collector. It is seen to
bulge in toward the collector entrance. The solution in this case is
satisfactory and it was deemed more expedient to refine the final lens
design by varying the lens potential in hot test and later transforming

the desired -3 kV equipotentlal surface to its geometric equivalent.

- 10 -
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B,

IIT, REBUILDING OF TUBE NO. 3S

SUPPRESSOR LENS AND COLIECTOR

The suppressor lens and collector salvaged from tube number 38 were
redesigned for use in the next tube, designated tube number 3SR. The re-

design was based on the computer solution discussed in the previous section.

The actual replacement of the suppressor lens in the collector assembly
was straight-forward and consisted simply of removing the old lens and bolt-
ing on the new one. The collector was modified by machining-off the en-
trance half of the existing water-cooled collector and brazing on the new

section with the larger diameter opening.

OUTPUT CAVITY

By changing only the resonator tunnel size, a very large increase in
the shunt impedance was obtained. The resonant frequency was also increas-

ed quite significantly. The measured values are given below:

OUTPUT CAVITY TYPE Rsh/Q FREQUENCY
Tube 35 (01d) 230 ohms 2277 MHz
Tube 3SR (New) 330 ohms 2363 MHz

In order to compensate for the 86 MHz increase in frequency, it was necessary
to increase the resonator inside diameter by 0.085 inch, or 1 mil per MHz.
Because of the large change in inside diameter, it was necessary to design
new dies to fabricate the molybdenum cavity shell. These dies are present-

ly being fabricated.



The X3064 number 3S will be rebuilt with a new output cavity and
a modified collector. It will be designated number 3SR and will be hot
tested in the usual manner. After successful testing of this tube, 1t

will be rebuilt into a "long" tube.
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